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Introduction

Chlorine (Cl,) gas has been a notable chemical weapon from its first use in World
War | to its modern implementation in the Syrian civil war. Cl, is a significant
threat due to the ease of obtaining it and its strong inhalation toxicity. Metal-
organic frameworks (MOFs) are novel materials comprised of metal/metal oxide
secondary building units (SBUs) connected by organic linkers. The large number
of possible SBU/linker combinations allow for a MOF to be tailored to a wide
spectrum of physical and chemical properties. Among these materials, the UiO
MOFs, characterized by Zr,O, SBUs linked together with benzene dicarboxylate
analogs, are particularly notable due to their exceptional stability against a wide
variety of pH, pressure, temperature, and humidity environments. The UiO
analogue UiO-66-NH, in particular has generated high interest in air purification
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Microbreakthrough results have shown that UiO-66-
NH, exhibited a higher capacity than other high-
performance materials by nearly an order of
magnitude against chlorine gas challenge, including
3M BSC. This material was able to absorb over 1 full
gram of chlorine gas per gram of sorbent, an
unprecedented standard in the PRO104 TIC
screening program.
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applications due to potential reactivity generated from its amine
functionalization. This study investigated the reactivity of UiO-66-NH, against
Cl,.
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Capacity (mol kg*) | Capacity (g gt)
BPL-Cu-3T 1.9 0.13
UiO-66 0.4 0.03
UiO-66-0OH 0.7 0.05
UiO-66-NH, 17.5 1.24
MIL-53 0.1 0.01
MIL-101-NH, 3.0 0.56

(Al)

Cu-BTC 0.1 0.01
ZIF-8 6.1 0.43
L 3M BSC 5.2 0.37
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Chlorine removal on the UiO-66-
NH, MOF was found to proceed via
an ortho-para-substituting
electrophilic aromatic substitution
reaction aided by the amine group
on the organic linker. HCI was
formed as a byproduct of this
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Cl, Microbreakthrough Results with Corresponding Time-Dependent FTIR

Spectra of Chemical Effluent (DeCoste, 2015)
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process, and it eventually reacted
with the linker-node junction of
UiO-66-NH,, forming a zirconium
oxychloride-type species and
decomposing the MOF.
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Removal of Chlorine Gas using Metal-Organic Frameworks

Engineering

For filter applications, a material must be engineered in a granulated form to
avoid issues with pressure drop and dusting that cannot be overcome with a

powder. This inevitably leads to a diminished performance of the materia
against chemicals of interest due to loss of effective surface area anc
potential blocking of reaction sites upon pelletization. UiO-66-NH, maintainec

its chlorine removal capabilities reasonably well after pelletization, however,
and still performed on par with 3M BSC.
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5 UiO-66-NH, Powder and Granule Forms
Parameter BSC UiO-66-NH,
1
Cl2 break time 44.4 46.4
0
0 20 40 60 80 :
Time (i) Cl2 loading (g/g) 0.37 0.39
Cl, Breakthrough Tube Results HCl break time 73.0 /5.1
HCl loading (g/g)| 0.61 0.63

ions & Path Forward

UiO-66-NH, has shown unprecedented chlorine removal capabilities not

approached by any other sorbent. We plan to transition this material into

prototype M61 JSGPM filters. We are also investigating the growth of this
MOF on various fabrics for escape-type respirators and protective suits.
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